The White-bellied Shortwing is a Globally Threatened, endemic bird found in the Western Ghats of southern India. Given the few recent records of the species from its range, its population is thought to have dwindled with increasing habitat fragmentation and disturbance. A previous survey covered the states of Kerala and Tamil Nadu while this survey covers the states of Karnataka and Goa; thus together the two surveys cover the species' entire prospective range. The survey resulted in 11 sightings of White-bellied Shortwing in the unique shola forests. Encounter rates in Karnataka were much lower than in Kerala and Tamil Nadu, while no shortwings were sighted in Goa. Effects of sampling effort and detectability were examined as probable causes of the low encounter rates and one site was re-sampled. Conservation problems are highlighted and suggestions are made.
Introduction
The White-bellied Shortwing Brachypteryx major is one of the threatened species (Vulnerable B1+2a,b,c,d,e; BirdLife International 2001) of the Western Ghats, a global biodiversity hotspot. Once reported to be fairly common (Ali and Ripley 1987) , there have been only a few recent records of White-bellied Shortwing, the most likely causes of its decline being the loss of its montane evergreen habitat and continuing habitat fragmentation and degradation (Birdlife International 2001) . The White-bellied Shortwing occurs as two subspecies, B. m. major and B. m. albiventris, separated by a geographical gap in the Western Ghats (Palaghat gap), with the former and latter distributed to the north and south of the gap respectively.
During a previous study (Robin and Sukumar 2002) , the forests of Kerala and Tamil Nadu were visited in the first phase of an attempt to estimate the current status of the species across the whole Western Ghats. The study recorded 214 sightings and demonstrated that the shortwing preferred shola forests above 1,500 m but was also present at lower abundances in shola forest between 1,000 and 1,500 m. The current survey was of the subspecies B. m. major in Karnataka and Goa part of the Western Ghats, to the north of the Palaghat gap. There are only a few old records (most over 60 years ago) from Karnataka of this bird and there were no recent records until this survey was implemented.
the previous one and to counter any difference in detection probability due to seasonal changes. The second phase of the survey was conducted from 20 April to 10 May 2004.
Survey area selection
The areas to be surveyed were chosen based on the background information collected during the previous survey (Robin and Sukumar 2002) . We primarily targeted all areas that could be possible White-bellied Shortwing habitats: shola forests (described in the following section). As some areas in North Karnataka and Goa do not have this habitat historically and these areas also do not have forests in the elevation range preferred by the shortwing (above 1,000 m), we surveyed the highest regions available in these areas to double-check the northernmost limits of the species. We incorporated old records and birdwatchers' records while deciding on the areas to be surveyed. We did not rely on information from tribesmen or other local people as most could not identify the species with confidence.
Data collection
Trails inside the forest were walked in the mornings (07h00 to 12h00) and afternoon (14h00 18h00) while looking and listening for the White-bellied Shortwing. The habitats sampled were categorized into tropical wet evergreen forest following Champion and Seth (1968) and montane temperate forest which is locally known as shola forest (for a description of the latter see Meher-Homji 1984) . Altitude (using an altimeter, Thommen Classic) and habitat type were recorded every 0.5 km (distance measured with a pedometer). White-bellied Shortwings were detected by direct sighting or by calls. Due to previous experience with the species, its calls could be identified with confidence. Once the species was detected, the distance from the starting point was recorded together with the altitude and the GPS location (whenever possible). While recording the number of individuals at a place using calls, only the number of individuals heard simultaneously were recorded so as to avoid duplication.
Results of the previous survey in Kerala and Tamil Nadu indicated that shortwings were found close to streams (Robin and Sukumar 2002) . To increase the probability of detecting shortwings in this present survey, a minimum of 5 minutes was spent listening for the call of the bird at all streams encountered during the sampling walks.
In the second phase of sampling in Bababudan Hills, we spent 10 minutes every 200 m in an attempt to detect shortwings by their vocalizations. We walked the same path twice to confirm the presence or absence of the shortwing.
Data analysis
The sampling effort and the sightings were classified into two elevation categories: 0-1,000 m and .1,000 m. The encounter rate of shortwings was calculated as the number of sightings divided by the distance sampled in kilometres.
Preparation of map
To map the distribution of the species, maps were procured from www.iscgm.org and the elevation map was used to generate contours at 1,000 m and 1,500 m. Sampling V. V. Robin et al. points were plotted on this map with the state boundaries to produce the final map using ArcView v.3.0a.
Results and discussion
A total of 116.5 km was sampled in the forests of Karnataka and Goa between 27 January and 27 March 2002 and resulted in 11 sightings (Figure 1 ). An attempt was made to cover at least 8-10 km of forest at every site. There were no records from Goa; all 11 sightings were from one site: Kemmangundi in the Bababudan Hills. The sampling locations and effort are shown in the Appendix.
Vegetation types and elevation range
Only two vegetation types were surveyed: evergreen forests and shola forests. There were 11 sightings of the shortwing from the 65 km of shola forests sampled (encounter White-bellied Shortwing Brachypteryx major in the Western Ghats of Karnataka and Goa, India 347 rate 5 0.17 White-bellied Shortwings/km) whereas no sightings resulted from 51.5 km of sampling in the evergreen forests. Shortwings were not sighted in many small shola patches on isolated mountain tops where the lower slopes were drier forests and where there were no sholas nearby. Eight of the 13 sites sampled were above 1,000 m elevation and the highest forest sampled was 1,700 m at Biligiri Rangaswamy Temple (BRT) Wildlife Sanctuary. The shortwings were found only in forests above 1,000 m, where 73 km of sampling resulted in 11 sightings. Though 37.3% (43.5 km) of the sampling was in forests below 1,000 m it did not result in any sightings. Although all the sightings were from Bababudan Hills at an average sampled elevation of 1,470 m, there were other sites that were sampled at much higher elevations (Appendix) but resulted in no sightings. In Kerala and Tamil Nadu the number of shortwing sightings was found to increase with elevation (Robin and Sukumar 2002) ; however, such a trend was not seen in Karnataka.
The previous study in Kerala and Tamil Nadu (Robin and Sukumar 2002) concluded that the prime White-bellied Shortwing areas, shola forests above 1,500 m, had a higher encounter rate (2.08 shortwings/km) than 'secondary' areas, sholas between 1,000 and 1,500 m (0.38 shortwings/km). However, the encounter rate from the forests surveyed in Karnataka is only around half of that of the secondary areas in Kerala and Tamil Nadu. This indicates that the abundance of the White-bellied Shortwing is lower in Karnataka than in the other two states. The encounter rate from the only site that resulted in sightings, Bababudan Hills, when examined alone, was also more similar to the secondary shortwing areas of Kerala and Tamil Nadu. There were also no sightings of shortwings from forests adjoining human habitation, contrary to the results of the previous study.
We examined the difference in sampling effort as one of the reasons for lower encounter rates; however, there was no significant difference in the mean sampling effort at sites above 1,000 m between the two studies (Mann-Whitney U-test, Z 5 0.482, P 5 0.67, n5 17, 18, ). Since we ruled out disproportionate sampling effort as a factor affecting the encounter rates, we propose that a difference in detectability could have resulted in low encounter rates.
Of all White-bellied Shortwing detections, 63% were from songs, and singing is a seasonal behaviour usually exhibited in the breeding season. The survey in Karnataka was conducted at exactly the same time and by the same observer as the survey in Kerala and Tamil Nadu to avoid confounding the results with seasonality or observer bias. However, 2002 turned out to be a drought year in Karnataka, with 30-45% less rainfall than normal (Down to Earth, 15 January 2003) . If the birds were breeding later than usual, it is likely that we did not hear them singing at the time of sampling. We therefore proposed a second bout of sampling in Bababudan Hills in 2004 to check for any variation in encounter rates. In the second bout of sampling we covered 9 km twice but obtained only two sightings of shortwings. This resulted in a lower encounter rate (0.11) than the previous survey. We also re-sampled one site in Ooty (Tamil Nadu), a site previously surveyed and classified as a prime White-bellied Shortwing area. Resampling with the same methods resulted in 15 sightings from 8 km of sampling (encounter rate of 1.9 shortwings/km). We concluded from this that sampling effort and detectability are not the causes of the low encounter rates in Karnataka, and that the shola forests in Karnataka do have inherently low densities of the species. Other methods of detecting the shortwings (mist-netting) and more intensive sampling could be used in further studies. Only a detailed inquiry into the biology of the shortwing V. V. Robin et al. involving the study of foraging, breeding and population dynamics would throw some light into the causes of the low abundance of the species in these areas.
Though no sightings were obtained from Coorg Reserve forests, Brahmagiri Wildlife Sanctuary, Kudremukh National Park and BRT Wildlife Sanctuary, these areas are likely to have White-bellied Shortwing populations though in low densities. The previous records (Ali and Ripley 1987, BirdLife International 2001) do suggest that these birds occur in Brahmagiris and there has been a recent record of shortwing presence from this area (Thejaswi 2004) . Thejaswi (2004) reported sightings from Kodachadri (Mookambika Wildlife Sanctuary) and Kudremukh National Park, though there are no historical records from these areas. However, results of the two studies cannot be compared as Thejaswi (2004) does not indicate the sampling effort or the number of sightings.
Conservation significance
The evidence of the White-bellied Shortwing still being found in Bababudan Hills more than 60 years after previous records is indicative that the species has survived in spite of intense human pressure. The population in Bababudan Hills is particularly important for conservation as the forests in these areas are under the category with least protection (reserve forests). The Western Ghats has lost 25.6% of its forest cover in the last two decades (Jha et al. 2000) and there has been a loss of 50% of shola forests since 1850 (Sukumar et al. 1995) . This problem is even more relevant as the Bababudan Hills continue to face habitat loss and disturbance due to human pressures from large tracts of coffee plantations created in the last century and active, large-scale mining of iron ore. Kudremukh National Park, where iron ore mining has been prevalent, has recently been ordered by the Supreme Court of India to be shut, and such strong conservation actions are required to save the remaining populations of White-bellied Shortwings and their habitat. The first step towards this would be raising the level of protection of the forests that support shortwings. Shola forests in other areas in Karnataka are also being threatened, particularly Kodachadri and Coorg. This action might be important for Karnataka as, unlike Tamil Nadu or Kerala, there are not many areas with shola forests in this state. White-bellied Shortwing Brachypteryx major in the Western Ghats of Karnataka and Goa, India 349
